A rule-based analysis and a constraint-based (Optimality Theory) analysis are presented to discuss these processes. Data with affrication is introduced as an alternative repair strategy, but is not included in the formal analysis, which focuses on labial dissimilation.
Introduction
In Xitsonga diminutive formation, the juncture between the root and the suffix undergoes various phonological processes: glide formation, velarisation and vowel deletion. We argue that these seemingly disjointed processes are results of repair strategies that apply in order to avoid a sequence of labial sounds.
In (1), the template for the Xitsonga diminutive is shown (Baumbach 1987 :148-157, Ziervogel 1967 . The root noun is immediately preceded by the class (CL)7/8 prefix and followed by -ana. When the root noun is preceded by a prefix, the CL7/8 prefix substitutes the original prefix, as in (1a). When the root noun is monosyllabic or has the CL7 prefix, the diminutive CL7/8 prefix is added to the stem, as in (1b). The acute accent marks high (H) tone and the grave accent marks surface low (L) tone.
(1)
The circumfix template for the Xitsonga diminutive While there are no changes between the prefix xi-and the root noun, phonological processes do occur between the root noun and the suffix -ana: (i) the root-final vowel is deleted due to vowel hiatus, as in (2a-c); (ii) the root-final vowel becomes a glide, as in (2d), or (iii) the root nasal is velarised, as in (2e).
(2) Phonological processes occurring between the root noun and -ana Root noun Diminutive '(a) small …' Sound change a. [sáká] [ʃì-sák-áná] grain bag Vowel Deletion b. [séké] [ʂì-sék-áná] sand Vowel Deletion c. [mbútí] [ʃì-mbút-áná] goat Vowel Deletion d. [nɬókó] [ʃì-nɬɔḱw-áná] head Glide Formation e. [nsímú] [ʃì-nsíŋw-áná] field Velarisation
When the root-final vowel is unrounded (/a, e, i/), the vowel deletes before the diminutive suffix. The round vowels /u/ and /o/ become the labial glide [w] . When a consonant immediately preceding the round vowels is a labial, velarisation or affrication is triggered (indicated by the dark-shaded cells in (3)). One of the aims of this paper is to present a comprehensive data set of all the phonological patterns in each cell in (3). Vowel hiatus motivates the deletion of (unrounded) vowels. Velarisation of the root consonant /m/ to [ŋ] and the round-vowel deletion after /f/ and other labial sounds are argued to be the result of labial dissimilation. Phonological processes in diminutive formation are found in other southern Bantu languages as well. In Northern Sotho, when the stem-final vowel is a back vowel ([o] or [u] ), it becomes the labial glide [w] (cf. Kotzé and Zerbian 2008:12) , just as in Xitsonga. In this paper, a rule-based analysis and a constraint-based analysis (the latter in terms of Optimality Theory (OT)) will be discussed in order to explain various phonological processes that occur in the diminutive formation in Xitsonga.
In section 2, facts about Xitsonga and the data collection methods are presented. This will be followed by a data-oriented section that aims to provide a comprehensive picture of phonological patterns of Xitsonga diminutive formation. The analyses in section 4 argue that phonological processes found in Xitsonga diminutives are repair strategies in labial dissimilation. In section 5, a short discussion about the affrication data will be presented. The data collection method was aided by a Xitsonga noun corpus built from a Xitsonga dictionary (Cuenod 1967 sorted nouns from the last character in the orthography. 2 Any items that we were unsure about were double-checked by the second author with other Xitsonga native speakers.
Background and data collection

Diminutive formations in Xitsonga: Data
Various phonological processes in Xitsonga diminutives have been reported in previous studies (cf . Baumbach 1987 :148-157, Ziervogel 1967 , but the reported paradigm has gaps in terms of phonological environments. This section aims to fill these gaps. The root-final unrounded vowels /a, e, i/ undergo vowel deletion in most environments. As such, this section will only report on roots that end with the round vowels /o/ and /u/.
Glide formation
The root-final round vowels /o/ and /u/ correspond to the labial glide [w] in diminutive forms. The consonant preceding the root-final vowel can be an alveolar, a palatal, a velar or a glottal. In (5), the root-final vowel is /o/. The collected data contains accidental gaps because no roots have the following /-Co/ forms, in which the consonant /C/ is [ʂ, ŋ, ʧ, ʤ] or breathy voiced. (5) Non-labial consonants + /o/ before the diminutive suffix -ana
In (6) [ʂì-ʤìɦw-ànà] red coloured soil
Velarisation of the bilabial nasal [m]
When the root-final round vowels /o/ and /u/ are preceded by the bilabial nasal /m/, the labial corresponds to the velar [ŋ] in the surface form. In (7), the labial nasal is followed by /o/, and in (8) it is followed by /u/. 
Analysis: Repair strategies in labial dissimilation
The phonological patterns presented in section 3 show that round vowels become a labial approximant [w] If the vowel deletion rule were to be applied first, it bleeds the glide formation rule and the velarisation rule, generating *[ʃipotana] and *[ʃìnomana].
In the rule-based analysis, the non-round vowels delete or trigger palatalisation. The non-round front vowels /i/ and /e/ are subject to the glide formation rule, which changes /i/ and /e/ to the palatal glide [j] . Another rule then deletes the palatal glide. In the case of the root-final vowel [a] , this vowel simply coalesces with the first vowel of the suffix -ana.
An Optimality Theory (constraint-based) analysis
The data analysis in this section involved the use of a constraint-based theory, namely Optimality Theory (OT; Prince and Smolensky 1993/2004) as the framework. In this theory, the avoidance of sequences of [labial] segments is posited as a competition between faithfulness constraints (14) and markedness constraints (15). [ʃipotoana] W * L c.
[ʃipotana] W * L
The ranking when the labial nasal velarises is shown in (17). The faithful candidate in (17b) violates the *VV constraint. In (17c), the candidate avoids *VV violation by changing the round vowel to a labial glide, but this incurs a violation of OCP-LABIAL (in addition to the violation of IDENT (CONS) (spelled 'dy') are listed in Baumbach (1987) . A recent study on the acoustics and articulation of voiced affricates in Xitsonga under discussion by Lee, Kawahara and Takemura (2014) shows that the spelling 'by' is a voiced labial-released alveolar affricate [bz] and the spelling 'dy' is a voiced palatal affricate [ʤ] . We believe that *Cj is an active constraint in the dialect of Xitsonga discussed in this paper. We do not, however, exclude the possibility that the Xitsonga dialect described in Baumbach (1987) does in fact have a palatalised labial and a palatalised alveolar in the consonant inventory, which would mean that the *Cj constraint is not undominated. 5 All tableaux in this paper follow the comparative tableaux format (see Prince 2002) . [ʃinomoana] W * L L c.
[ʃinomwana] W * L * d.
[ʃinomana] W * L L
In the deletion cases, the faithful candidate in (18b) violates the *VV constraint. Changing the underlying /f/ to the velar fricative [x] , as in (18c), violates the constraint *[x] which is motivated by the phonotactic ban on this sound in Xitsonga. The glide formation candidate in (18d) violates the higher-ranked OCP-LABIAL constraint. The optimal candidate in (18a) violates the MAX-V[LAB] constraint because the input /o/ does not have a correspondent in the output, but it satisfies other markedness constraints that are ranked higher.
[ʃisefoana] W * L c.
[ʃisexwana] W * L W * W * d.
[ʃisefwana] W * L W * Unrounded vowels are deleted in vowel hiatus contexts. The tableau in (19) shows that the faithful candidate violates *VV in (19b). In (19c), the non-round vowel /i/ corresponds to the glide [j] . This candidate is ruled out by the co-occurrence restriction constraint *Cj. The optimal candidate satisfies the higher ranked constraints.
(19) Deletion of non-round vowels
[ʃimaliana] W * L c.
[ʃimaljana] W * L W * So far, we have proposed two analyses of Xitsonga diminutive formation: in (i) a rule-based theory and in (ii) a constraint-based theory (OT). While both analyses can account for the surface patterns in Xitsonga diminutives, an OT analysis provides a clear reason why these processes occur -as an avoidance measure against two labials or two vowels in the surface form.
When the final round vowel is preceded by the three labial obstruents [p, m b, β], affrication is employed. This is another type of repair strategy that will be discussed in the following section.
Affrication as a repair strategy?
When the consonant preceding a round vowel is one of the oral labials [p, m b, β] or when a liquid [l, r̤ ] precedes a non-round vowel, the vowels are deleted and the consonant corresponds to the voiced affricate in the diminutive, as in (20). (20 In previous studies (cf . Baumbach 1987 , Ziervogel 1967 and Burheni 2012 , the sound change of round vowels after labial obstruents was characterised as "Palatalisation". A closer examination shows that the change is to an alveolar affricate instead of a palatal affricate. In this paper, we will call this rule simply "Affrication", as in (21). This rule maps the root consonants before the final vowel to an affricate. This type of affrication has been reported in passivisation in languages such as isiZulu. In Xitsonga, however, affrication does not occur in passivisation, in which the suffix [-iw] is added to the verbal stem, without triggering a phonological process.
Affrication after labial obstruents: [p], [ (m) b], [β]
Data is shown in (22) and (23) The variation involving affrication in diminutive construction does not have a simple explanation. A detailed study of this phenomenon is left for future studies as it is beyond the scope of the current paper.
In Xitsonga, it is possible to surmise that such diachronic change has occurred, where affrication would have occurred after the frication process.
Two theories can possibly account for this process. First, the Perceptual Cues theory, proposed in Ohala (1981) and Steriade (2009) , would argue that affrication in Xitsonga or palatalisation in isiZulu as a repair strategy in labial dissimilation is perceptually driven. Second, the Consonant Mutation theory, reported in other Bantu languages as well, would argue that a mutation to an affricate is due to historical super high vowels (Zoll 1996) . The super high vowels would have changed to an affricate at some point in the language's history.
The confounding factors regarding affrication are, firstly, that Xitsonga also has affrication where the liquid consonants themselves change to an affricate, as in (29). This type of affrication might also be triggered by a type of dissimilation. Secondly, the affrication of liquids behaves similarly to isiZulu palatalisation or Bantu consonant mutation because the root consonant itself changes to an affricate and the root-final vowel is deleted. 
Conclusion
In this paper, we have shown that disjointed phonological processes can be understood as closely related repair strategies driven by OCP-LABIAL. A response to vowel hiatus by round vowels is that they correspond to a labial glide (/o/ or /u/ → [w]). When these round vowels are immediately preceded by labial consonants, two repair strategies occur in response to labial dissimilation: either the labial nasal /m/ corresponds to the velar nasal [ŋ] or the round vowels delete after [f, pf, bv, w] .
Round vowels occasionally correspond to an affricate. This pattern may be a repair strategy for labial dissimilation, but there are many exceptions. More research is needed to understand the exact nature of the affrication process from a diachronic as well as a phonetic perspective.
